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ABSTRAQT

The tensile properties and hardness of aluminum-zine-
magnesium-copper alloye containing approximately 0.25 per-
cent chromlum and 0.156 percent titanium have been investil-
gated over a range of O to 1.76 perceat copper, 3 to 13
percent zinc, and 0 to 1.0 percent magnesium., The chro-
mium and titanlum were added for thelr speciflc effects
on resistance to corroeion and graln refinement, respec-
tively. Alumlnum ingot which contalnasd approximately
0.16 percent iron, 0.08 percent silicon, and 92 75+ per-
cent aluminum was uesed 28 & base. In sand castings, ap-
pFroximately 0.4 percent copper, 6.6 percent zine, 0.33
percent magnesium, 0.25 percent ckromium, and 0.1l5 percent
titanium appear to giva a gpod ocoubination of strength and
ductillty together with matisfactory reslstance to corro-
slon. Such an alloy ages at room temperature without any
prevlious heat treatment and attains nigh tensile proper-
ties, endurance limit, resistance to failure by Ilmpact,sand
good resistance to corroelon 4in the accelerated tests
utiliged in this investigation. Castings of this type of
alloy, uowever, nave tae disaldvantege of belng somewhat
"hot short." 1Ite tensile properties at elevated tempera-
tures are relatively low, and it overazes with the conse-
quent loss of tenslle strength and hardness when exposed
for a few montlls at temperatures as low as 212° F. 4t
300° P tuis overaging effect 1s rapid with consequent
marked deterioration of the tensile properties and hard-
0NOB88.
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ALUMINUMN-ZINC-MAGNESIUM-OOPPER CASTING ALLOYS
By L. ¥. BEastwood apd L. W. Xempf

. Aluminum~base alloys containing a high zinc content
were among the firast aluminum alloys used for castings.
Because they were used in the early years of the alumianum
casting industry, particularly in Europe, their hlstory
presents an interestling chapter in the commercial develop-
ment of thls metal. The principal early investigatlon of
binary and more complex aluminum-zinc alloys was done by
Rosenhain and aArchbutt (reference 1) in 1912. 4An excel-
lent review lncluding an extensive bidliography of the
early development of aluminum-zinc alloys was published
by the Bursau of Standards (reference 2) in 1927,

The high sinc-aluminum alloys most widely used in
Burope contalned 10 to 14 percent zinc and 2 to 3 percent
copper, largely as a result of the work of Rosenhain and
Archbutt. In the United States, Zeay Jeffrles and Willilam
A. Gibson (referencs 3) developed an alloy containing 10
to 12 percent zlnc, approximately 2 percent copper, and 1
to 1.75 percent iron, which was used guite extensively
during toe decennium 1920-30. In addition to aluminum~
copper~iron-zinc alloys, these investigators in 1919 also
patented aluminum-coprer-iron-magnesium-xzinec alloys, a
preferred composition of which was given as 7 percent sinc,
3 percent coprer, O to 1.5 percent iron, and 0.1 to 0.3
percent magnesium,

Early in 1921, the production of heat-treated cast-
ings began (referesnce 4) in the United States, and their
continued development and use has been accompanied by the
gradual displacement of the high zinc-aluminum alloys.
This replacement by the heat-treated alloys occurred be-
cause of thelr higher tenslle properties, lower specific
gravity, better casting characteristics, and greater re-
slatance to corrosion.

Aluminum alloys contalning zinc and magnesium as the
principal alloying ingredleants have also been 1n commer-
clal use. 4t an early date, William Guertler and Wilhelm
Sander (reference 5) investigated and proposed the umse of
aluminum alloys containing magnesium and zinc in the pro-
portions in which they occur in the compound _MgZng.

Alloys of this type have been used commercially for a num—-
ber of years. (See reference 6.) TFor example, an alloy
known as "Constuctal 8" containing 7 percent zinc, 2.5
percent magnesium, and 1 percent manganese was first



prodvced in Germeny about two decades ago. A simllar
alloy developed by Willlam Guertler for castlinge, con-
tainirg 7.6 pesrcent sirec And 1.7 percent magnesium, hes
been designated G.W.32. Another cont~inling 6 nercent
ginc, 1.2 percert magnresium, And 2 warcent iron ves de-
velowed by T. 3. Fuller and Tavid Basch (reference 7) in
the TUnited States.

In 1937 and 19308 o soerles of United States patents
wa3 issued to Yonosuke Matuenaga (ref-rence 8) on aluminun
alloyrs contelning zilie, magnesium, ana comper as the -riln-
cipal elloying constituents, Aluminum-7inc-magnesivm al-
loys having & »referred comrogition of 8.5 narcent zinc,
0.5 perceut chromium, 0,87 rercent marsnesiurm, 0.10 parcent
titanium, lesa than C.3 parcent conper, silicon or manga-
ness and lers than 0.8 nercent iron have b:en Jromosed by
Geor_ e F, Comstock. (See refaranco 9.) There hrve been
nany other lnvestigatlons of alwmlnun elloye contalning
zinc and magnesium as the wrincinal alloyin; constituents,
but & complete reviev kers Ja unrecsszary.

This peper contalns date on the mechanical rrowerties
of sand-cast tast bars havings a considerable ranrz in tine,
marnesium, and cooner content saad mo-a detalled datn on
the prorsrties and fourdr:s characteristics of an aluminunm-
‘=irc-nagnerivm-copper nllo¥ heving a ~referred commosition
for high stren-th anéd fuectility, The mnrinclval mortion of
the data i3 on alleye wbhlch alao contaln an~roxim=tely (.15
nerecent of titanlum avd 2.75 neircent celronium. Tho tita-
nivm and chromiuwm weras added bzcause thev rerc fouvnd to
affect greln refinement #nd imnrove rasistance to corro-
sion, reswectivoly.

EXPERIMENTAL PROCTDURE
Preperation of thoe Alloys

Aluminum 1lnfot containlng 99.75 perceant sluminum ~nd
the alloy componsnts Wers carefully aighzd. The magno-
sium and zinc Vvers mdd=-d as cuch, but the chromiunm, iita-
nium, ~nd coprer vwsrs addod in the form of alvminum-base
riches prsnared wvith 32,8 percent aluminum. Ths melts
vVere mace in plumbago crucidbles in gas-Tircd furaaces,
First tha alumlaum wn3 melted down, aad th:n the alloying
materinl, excoept the magnesium, was add:d and melted,
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The melt was fluxed with chlorine for 10 to 15 minutes,
and then the magnesium was added, If a variation in the
content of magnesium, xinc,.or-copper was -desired, these
metals wmere succeseively added in the proper amounts after
esch set of the test castings had been poured. Hach set
of castings in the serles was then given the same heat
number, with the letters 4, B, O, etc., attached in the
order of pouring.

»”

Test Castings

" 'Cast-to-size test bare .were made using a 6-bar cast-

'1ng. a photograph of which 1s shown in flgure 10. These

test bars are 1/2 inch in dlameter at the test section.
The test~bar castings uvsed for corrosion tests were cast
somevhat oversisze and machined to 1/3 inch diameter at the
teat sectlion. A casting having heavy sections was used to
determine the effect of section size, This castling 1is
shown 1in figure 1l with the gates and-risers attached.
Each section is 6% inches long, 4 inches wide, and 1, 2,
and 4 inches thick. Test bars 0.5056 inch in diameter at
the test section were machined from this castling. 4ll
castings were poured from 1350° ¥ unless otherwise noted,
and all were made in green sand molds.

Aging Treatment

After the castings were made, they were aged as in-
dicated by the data in the tables or figures. Usually the
castings were aged for 30 days at a room temperature main-
tained at about 85° F. In some instances an equivalent
eging treatment was effected by using a shorter time at a
glightly elevated temperature. This subject 18 treated
more fully elsewhere in this paper.

Corrosion Tests

Oorrosion tests were made on separately cast test
bars., The investigation of the corrosion of test bars
under an applied stress was conducted by using the ex-
perimental procednre described by T. ‘H., Dix, Jr. (See
reference 10.)

The ggneral.corrosion characteristics of unstressed
bars were determined in salt-epray exposures 1ln a manner



deseribed by 8. H. Dix, Jr. and J. J. Bowman. (See refer-
ence 1l.) The equipment used 1g 1llustrated by figures 1
and 3. of their paper "8alt Spray Testing." Hard rubbder
spray noszles were employed, .and the salt-spray boxes con-
tained silx vents each. The alr at 40 pounds per square
inch was passed through a cleanlng tower and then through
a water column maintained at B85° P to saturate 1t at the
test temperature before 1t entered the boxes. The salt-
spray exposures, maintained at 869 F, were of two types,
continuous and intermittent. A 20-percent-salt solution
was used for the continuous exposure and a 3%:-percent-
salt solution for the intérmittent exposure, Morton's
Flake Butter 8alt being ueed for both types. The inter-
mittent cycle comprised 16 hours with the box closed and
the spray operating, and 8 hours with the box open and

the spray not operating.,

Bix c¢ylindrical test bars made in green sand and ma-
chined to 0.5 inch at the test section were suspended from
glass rods for each type of exposure. In order to remove
dust and grease which might have interfered with the test,
the bars were cleaned in petroleum ether before starting
the exposures,

Tenglle and Hardness Tests

Except those made on heavy sectlons, all tensile
teste were made on separately cast test bars without ma-
chining the gege section. Yleld-strength values were ob-
tained at the polnt of 0.2-percent deviation from the mod~
ulus line,

Brinell hardness was obtained by using a 500-kilogram
load and s 10-millimeter ball,

BElongation values were determined on a 2-inch gage
length.

EXPERIMENTAL REBSULTS

The experimental results obtained are presented in
the accompanyling tables and figures. The effects of gine,
magnesium, and copper content on the tensile and hardness
propertlies of cast test bars have been investigated over



a considerable range. The resistance to corrosion of
these alloys under an externally applied stress also has
~been- investigated. 4 Telatlvely narrow concentration
range of gzind, magnesium, and copper has been more thor-
ougaly 1investigated in respect to aging characteristics,
effects of exposure to elevated temperatures, high-temper-
eture tensile properties, tenslile properties in heavy sec-
tions, foundry characteristics, and physicel propertles.

The EBffect of Zinc, Magnesium, and Copper Oontent

The effects of the magnesium content on the tensile
strength, percent elongation in 2 inches, yleld strength,
and Brinell hardness of alloys containing 3 to 13 percent
sinc and approximetely 0.4 percent copper, 0.25 percent
chromium, 0,15 perceant titanium, 0.15 percent iron, and
0.08 percent sllicon are shown by figures la, 1b, lc¢, and
ld, respectively. Data on similar alloys contalning 1.0
percent copper inetead of 0.4 percent are graphically rep-
resented by figures 2a, 2b, 2¢, and 24, respectively. A4
third set of date on a serles containing 1.75 percent cop-
per 1s represented by figures 3a, 3b, 3c, and 34,

By the use of curves which represent the tensile
strength and percent elongatlon, 1t is poesible to deter-
mine the maximum and minimum amounts of magnesium at each
ginc content which will give desired minimum values of
tensile strength and elongation. This has been done for
certaein values, and the results are renresented graphi-
cally by figure 4, Thig figure showe the range in zine
end magnesium content at which minimum tensile propertiles
of 36,000 poundes per square inch and 10~percent elongation,
and 34,000 pounds per square inch and 7-percent elongatilon
were attained under the experimental conditions utilized.
The former minimum values of tensile propertiee are rep-
resented by the inside area bomnded by full lines, and
the latter values by the entire area bounded by the dashed
lines.

Bxamination of figure 4 shows that the higher the
glne content, the lower the magneslium content for maximum
combinations of strength and ductility. The shape of the
areas representing the zinoc and magnesium concentrations
for minimum tensile propertles of 36,000 pounds per sguare
inch and 10-percent elongation 1s quite similar at each of
the three values of copper content represented., However,



increasing the copper contsnt decreases the size of areas
repreventing the range-of magnesium and sinc for these
minimum properties; and for a given zine content, increas~
ing the copper requires decreasing magnesium concentration,

. Table I shows, for three series of alloys contalning

0.4, 1.0, and 1,75 percent copper and 4 to 13 percent sinc,
the magnesium content regquired for the attalament of 36,000
pounds per square inch tenslle strength and 10 percent elon-
gation.

A8 indicated in figure 5, increasing the zine content
increases the tenslle and yield strengths and hardness,
but decreases the elongation of alloys containing approxi-
mately 0,35 percent copper, 0.15 percent iron, 0.08 per-
cent gilicon, 0.13 percent titanium, 0,35 percent chromium,
0,27 and 0.29 percent magnesium.

The Effect of Iren and 81iicon Content

Iron and silican may de regarded as impurities singe
they do not improve the mechanical properties. These ele-
ments.invariably occur as impurities in aluminum. Accord-
ingly, it is.desirabdle.toc know the sfifects of these lmpur-
ities on the propertiee. The available data listed in
table II,- though not extensive, show the effects of iron
and sllicon separately and in comdination. Yigure 6 also
shows that increasing conecentrations of silicon have a
very adversge.sffect on the tensile strength and ductility
of alloys containing 0.38 percent copper, 0.15 percent
iron, 6.6 percent sinc, 0.13 percent titanium, 0.2 percent
chromium, and 0~.08, 0.19,-and 0.33 percent silicon. Iran
alone has only a slightly adverse-effect on--the tensile
properties even when 0.5 percent is present. When iron
and silicon are increased simnltaneonsly, the tensile
strength and.ductility are reduced to about the same ex-
tent as they would .be 4f the -silicon slone-were increassed
The adversa effect of ailicon is probadly due to- the for-
mation of MgyS81. which depletes the sffective magnesinm

content .and forms & .brittle grain boundaryconstituernt. ..
With the aluminum at present commercially available, it
"probalbly 1s not practical to specify silicon concantra- .
tions lower--than about 0.25 percent, The mechanical prop—
ertiesn -of colmercial castings might be-expected to bde

lower than those obtained in thie inveastigstion on_alloys.
containing -about 0.08 percent--ailicon-in._about the-ratio-
indicated in.table 1I. .



Reslgtance to Corrosion

Four. alloys were exposed in salt spray in the manner
described above. Two of these alloys contalned approxi-
mately 7 percent xinc, 0.3 percent magnesium, 0,16 percent
iron, 0.08 percent silicon, 0.16 percent titanium, 0,35
percent copper, and 0,00 percent chromium. One of these
was prepared from 99.99+ percent =inc, and the other from
99,5 percent zine., The other two mlloys were simllar 1n
compoeition to the first two described, but both were made
with 99.994+ percent zinc and both contained 0.35 percent
chromium. One of these two contained 0.35 percent copper
and the other, 1.0 percent copper. The results obtained
after one year of exposure of unstressed cast test bars
to continvous and intermittent salt sprays are as follows:

1) The resistance of the alloy containing 0.26 per-
cent chromium 18 superlor to that of the ohro-
mium-free alloy.

2) The alloy containing 1.0 percent copper appeared
inferior to that containing 0.356 percent copper.

3) The resistance to this type of corrosion 1s not
noticeably affected dy the degree of purity of
the zinec.

4) An alloy containing approximately 0.36 percent
copper, 0.15 percent iron, 0.08 percent silicon,
7.0 percent sinc, 0.16 percent titanium, and
0.25 percent chromium has good resistance to
this type of corrosion; it is about equivalent
to the well-known Alcoa no. 43 alloy consisting
of aluminum with 6 percent sillcon.

It has aleo been found that bars stressed at 7?5 per-
cent or less o0f the yleld etrength are not sudbject to in-
tergranular corrosion when continunously immersed in a solu-
tion of NaCl and Ez0,, provided the xinc does not exceed
about 7.0 percent and the copper 1s not less than 0.25 per-
cent or more than 0.6 percent. .

Preferred Composition
On tke basis of the results on tensile propertlies and

registance to corrosion discussed above, an alloy contain-
ing approximately 0.4 percent copper, 0.16 perceant ironm,



0.08 percent silicon, 6.6 percent zinc, 0.33 percent mag-
nesium, 0.15 percent titanium, and 0.25 percent chromium
was selected for more detailed investigantlon.

"Aging Characteristics

Table III And figure 7 show the chanmes in tensile
proverties and hardnes+ of cast test Pars of an alloy con-
taining 0.38 percent cooper, 0.1l7 percent iron, 0,08 per-
cent silicon, 6.8&% percent -~inc, 0.12 percent titanium,
0.27 vercent magnesium, and 0,23 percent chromium., Three
diffarent aging temperaturss were used, that is, 859,
165°, and 212° F, The curves of figure 7 show that the
best combination of tensils strength and ductility i1s at-
talned by aging at 85° F. It will be noted that 1 week
at 165° F 1s ap:roximately eguivalent to 1 montli at 85° F,
This elloy overafes even at 212° F when the time at tem-
perature is of several months' duratior. Cverasing manl-
fosts itself by & firsaetly reduced duectility and some drom
in yield strength and hardnese. After 3 months at 165° F,
there 1s no softering notlceable, but the ductility as
measured by the percent elongation is greatly reduvced.
This might bPe comrpensated by starting out with A lower
magnesium content and higher 1nltial ductility.

Tensile Promerties in Heavy Sections

Table IV contains data on tue tensile mronertles in
heavy sections of an alloy having about the nreferred com-
position referred to above. These data clearly show tkat
a very high percentafie of the nroperties obtained in sep-
arately cast test bars 1is obtalned in bars machined from
this l8-nound casting having ssctions 1, 2, and 4 inches
thick,

High-Temperature Tensile Provertios

The tensile strength and elonration nf an alloy con-
tainine 1.06 percent copner, O.16 parcent iron, 0.08 per-
cent silicon, ©.89 percent »inc, 0.13 percent titanium,
0.26 rerceat magnesium, and 0,27 percert chromium st 2000,
300°, 4209, 500°, and 600° F are shown by the Aata in
table V. The elongation at room temnerature for the vpar-
ticular lot of test specimens used for the determination



of these data and those of table VI, referred to in the
next paragraph, is lower than normal for some unknown
reason. Nevertheless, the coaclusion is probably Jus-
tifled in that the high temperature properties of this
tyne of alloy are somewhat inferior to those of many pres-—
ent day commercial aluminum-castiag alloys.

Effect of Prolonged Exposure at 30G° and 400° F

Table VI shows the effect of prolonged exposure at
300° and 400° F on the tensile and hardness properties of
the alloy referred to in the preceding parazravh. These
data show that exvosure to such temparatures has an ad-
verse effect on the room-temperature tensile properties
becaunse of the overaging effsect,

Effect of hxposure to & Temperature
Kenr the Meltlng Polnt

Aluninum-zinc-magnesium-copper alloys can be reheated
to tempsratures near the melting point without a marked
adverse effect on tensile properties. Table VII shows the
effects of reheating a specific alloy to temperatures from
90ﬁ° to 1120° ¥, air cooling, and re-aging at room teamper-
ature. These data show tknt raheating to 900° ¥ has a
slizhtly adversos effect on the tenslle properties, whereas
reheating to 1050° 40 1120° F does not affect the temnsile
propertlas, Of course, 'hen this allioy is reheated to
such temmeratures, the tensile properties are about equiv-
alent to those obtained immediately after casting, and re-
aging 1s necessary to restors them. The amenadility of
these alloys to reheating to a high tempsrature makes them
attractive for use in furnacs-braged assemblies,

Mechanical and Physical Propertles

Using the experlimental conditlons outlined, an alloy
contalning appnroximately 0.35 percent covper, 0.15 percent
iron, 0,08 percent silicon, 6.6 percent =zine, 0.15 percent
titanium, 0,33 pcrcent magnesium, ard 0.25 percent chro-
mium may be expectsr. to have approximately the following
meochanicnl and physical proverties in sepsarately cast test
bars poured 1n green sand and aged 30 days at 850 ¥,
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Yield strength 21,000 pounds per souare inch

Tensile strength %6,00C pounds per square inch

Elongation 10 percent in 2 inches

Brinell hardness 6E to 70

Endurance limit 7500 pounds per sauare inch*

Charpy impact value 3.5 foot pounds**

Solidification ranze €52° ¢ (1266° F) to 610° C
(1130° 7)

Specific éravity 2.81

Blectrical conductivity 29.5 vercent I.A.C.S.

Inasmuch as iron and silicon concentrations of 0.15
percent and 0.08 percent, respectively, mrodably cannot
be maintained in ordinary foundry practice with aluminum
of the purity at present generally avail~dle, it 13 to be
expected that minimum specification valuss for mechanical
properties of this typs of allor must be corslideradly
lower than those glven in the foreroing. The highest-
purity aluminum-casting alloys at present in commerciel
vse are produced to maximuvm silicon concentrations of
atout 0.25 psrcent. Undsr similar conditions, it is be-
lieved thrt tils tyne of alloy could be produced to mini-
mur teanslle specifications of 30,070-pounds-per-square-
‘nech tensile strangth and c-percent clongation. The prop-
erties of the alloy are much less sasngitive to iron con-
centration, and A maximum somewvhere botween 0.5 percent
and 0.75 percent probatly will be found permissibdle.

Microstructure

The microstructuvre of the alumlaum-=zinc-megnesiun-
copper a2lloys are 1lllustratzd by the nhotomlcrosraphs

*R. R. Hoore rotating beam tyme of machine, 509,000,000
cycles.

**ifi0dified Charpy impact machine, 10 mm X 10 mm kayhole
t7pe, drilled and sawed, notched smecimens, section
back of the not¢eh 5 mm X 10 mn, §5.)97-pound hammer.
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(fi1gs. 8a, 8b, 80, and 84), The compositions of the alloys
photographed are given in the captions to these illustra-~
tions. ' Figures 8a and 8D show similar specimens cut from
the cope side of 4~inch sectlons of the step casting 1lluse-
trated by figure 10. The alloy shown in figure 8a con-
tained 1.05 percent copper, while that in filgure 8b con-
tained 0,34 percent copper. In flgure B8a the dark areas
brought out by Keller'!s etch (reference 13) are rich in
copper and they also contain light particles of Oudl,

precipitate. The lower copper alloy shown by figure 8%
does not have a noticeable amount of copper segregation,
Such structuree are usually mccompanied by superior tensile
properties 1in heavy sections or in castings otherwise sub-
Jected to adbnormally slow solidification., This type of
structure aleo appears more resistant to corrosion than
one exbibiting particles of copper constituent. There is
a conslderahble difference in the grain size between the
two speclmens of figures Ba and 8b, probadly due in part
to the higher titanium in the flner-grained specimen and
in part to the inevitable varlatlons in the structure of
castings. However, the speclmens 1lllustrated are falrly
typlcal of the effects of the amount of copper content on
the mlcrostructure in heavy sections. In chllled sections
or light sections where solidiflcation is more rapild, this
type of coprer segregation 1s less pronounced.

In general, the high-purity alloys of the composition
photographed conelst essentially of a 80lid solution whieh
le¢ sudbject to preclpitation hardening at low temperatures.
Only a very swall amount of vlislble undissolved microcon-
stituents occur. The principal microconstituents which
form vielble particles in alloys of the compoeltion photo-
graphed are the Al-Fe~81 constituent whlch usually oc-
curs at ths grain boundary, but it may not occur in the
typlcal "Chinese seript" form, probably because of its
small amount. A very small amount of Culdl, particles

occur wlithin the grain or at the grain boundaries where
the final solidification took place. Some MNgz81 partil-

cles, recognized under the microscope by thelr bdluish
color, occur as isolated particles or in conjunction with
the other constituents. The conatituents in the alloy
have been ldentified by the methods outllned by B. H.
Dix, Jr. and F. Kelier. (See reference 13.)
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TYoundry Characteristics

Although the foundry experience obtained on an
aluminum~ginc~-magnesiun-copper alloy having the preferred
composition mentioned above is not extensive, some esti-
mate of thelr foundry characteristics can be made,

It has been well established that the tenslle prop-
ertlies of test bars or of bars machined from l-inch pec-
tions are not affected dy pourlng temperatures between
1300° and 14560° ¥, When the pouring temperature is low-~
ered to 12509 ¥ or raised to 1500° ¥, a very slight de~
crease in tensile properties occurs,

The fluidity at 13509 and 1450° ¥ has been determined
in the manner formerly descrided (reference 12) and found
to be somewhat inferior to many aluminum alloys now in use.
However, thils difficulty can be offset by employling a
slightly algner pouring temperature since no adverse ef-
fect is encountered by thls procedure.,

Data on tensile propertlies 1n heavy sectlons have al-
ready been presented, and it wae previously noted that a
hlegn percentage of test-Par properties 18 obtained.

The alloy must be well risered to prevent shrinkage,
but in tiais respect it does not differ from some alloys
nov in commercial use.

The foundry characteristic which probably would
cauee the most trouble is hot-shortness. - In thle respect
it is about as sudject to hot-cracking as some of the
aluminum-copper alloys now 1in use., - Therefore, very. intri-
cate types of castings mlight be expected to be difficult:
to produce in thls alloy.

¥elding and Brazing Characteristics

It has been pointed out that the alloy having the
preferred composition is not adversely affected by heat-
ing to a temperature near the melting point if 1t 1s al-
lowed t6 re—-age subsequently. Furthermore, the high-ten-
slle properties of this alloy are attained without heat
treatment so that, in conseaquence, it can be welded as
readily as the other as~cast alloys and will still retain
1ts hlgh-tensile properties. The alloy also is readily
furnace~brazed, since a brazing temperature up to 1100° 7
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can be used. Accordingly, this aluminum~sinc-magnesium-
copper type of alloy presents the possibility of utilisz-
ing welded and brased assemblies of castings having ex-~

ceptionally high strength, toughnese, and resistance to

corroslon.

SUMMARY

The tenslle properties of aluminum~zinc~magnesium—
copper alloys have been  determined over a range of 0O to.
1.756 percent copper, 3 to 13 percent zinc, and O to 1.0
percent magnesium. An alloy conteining 0.4 percent cop-
per, 0.156 percent 1ron, 0.08 percent slilicon, 6.6 percent
£inc, 0.33 percent magnesium, 0.26 percent chromium, and
0.15 percent titanium appears t0 have the maximum combi~
nation of strength, ductility, and resistance to corro-
slon and hae been investigated in greater detall.

Aluminum Research Ladoratories,
Aluminun Company of America,
Cleveland, Ohilo
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NACA g Tables 1,8

TABLE 1
THE MAGNESIUM CONCENTRATION AT VARIOUS ZINC AND COPPER CONTENTS

 FOR ATTAINMENT OF 36,000 PSI. TENSILE STRENGTH AND 10% ELONGATION

O'L%cqutiLum Malﬁgfiﬁg Conlent ;.75%Cu
220 % Mg % Mg |

5 ' 0.5 - -

6 0.42 0.41 -

7 0.31 0.29 16
8 0.20 0.15 © «07
9 0.12 0.06 .02
10 0.07 0.02 .01
11 0.04 0.005 «005
12 0.005 - -

TABLE X

THE EFFECT OF EXPOSURE TO 300°F AND 400°F ON THE ROOM TEMPERATURE
TENSILE PROPERTIES OF CAST TEST BARS ‘OF AN ALLOY CONTAINING
1,06% Cu, 0.16% Fe, 0.08% S1, 6.89% Zn, 0.13% T, 0.26% Mg
AND §.27% Cr

eetment T}gﬁfﬁ%:g:iji!:a
6 Mo. at R.T, 27800 {38400 | 5.5
2w v " + 100 days at 300°F ¢ 2 mo% at R.T.** 20200 {28050 | 5.7
2" v "+ 50 O " 400%F + 3 v L 13700 {26600 | 7.7

"Mo. = Honths
*#R.T. = Room Temperature



TABLE 1

THE EFFECT OF IRON AND SILICON CONTENT ON THE TENSILE PROPERTIES
Al~Zn-Mg-Cy-Ti-Cr

Section A
Effect of oiliecon Content
Heat .

0 Aging Time Cu Fe | 81 | Zn | T4 | Mg | Cp Y.S. 7.S. 4r1, | BAN
555. 30 days et 85°F | 0.32 | 0.14 [0.08 [6.65|0.13|0.33]0.24 | 21700 | 38200 | 12.8 | 73
556 oo " 0.37 | 0.14 |0.19 | 6.58 | 0.13}0.32]|0.20 | 21600 | 34900 10.2 70
557 oo " 0.37 | 0.15]0.33|6.51|0.13{0.33]0.22 | 23100 | 33950 6.2 7%
063A coom " | 0.003] 0.24 |0.08 |6.80 | 0.18 0,31 [0.00 | 21800 | 35200 9.5 Th

B .oo. n * * lo.18} * * * 0.00 | 20000 | 31800 8.2 69

c oo " * * Jo.30| * * * 10.00 | 19800 | 30000 6.3 | 70

Section B
Effect of iron Content

10624 30 days at 85°F | 0.003} 0.29 |0.10 6,91 |0.15]0.28 | 0.00 | 22000 | 36200 10.2 7%
B " " . 0.4,6 | * * * * 0.00 | 21600 | 36600 10.7 7%

c “ " - 0.56 | * * * * 0.00 | 20400 | 35300 9.0 73

Seetion C
Effect of Iggot Puritx

067 30 deys at R.T.**| 0.01 | 0.11 {0.12 {7.06 | 0.16 | 0.37 | 0.00 | 23100 | 36300 9.0 74
069 Coom " 0.01 | 0.33{0.26 |7.13}0.16 |0.36 |0.00 | 22300 | 34100 7.3 | 74
409 " " 0.30 | 0.16 |0.07 |6.98 [ 0.18 {0.26 [0.23 | 20300 | 36600 13.3 69
413 " " 0.27 | 0.23 |0.10 {7.00 |0.18 | 0.26 |0.25 | 20200 | 35350 11.7 69
410 " " 0.32 | 0.30 [0.14 |]6.96 | 0.19 | 0.27 [ 0.24 | 20300 | 34900 9.8 69
412 " " 0.32 | 0.32 {0.14 }6.95]0.23|0.30 |0.24 | 21000 | 35200 9.2 70

*The chemical analysis may be assumed to be approximately the same as the A sample except as noted,
**Room temperature.
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NACA

THE CHANGE IN TENSILE PROPERTIES OF CAST TEST BARS OF AR
Al-Zn-Mg-Cu-Ti-Cr ALLOY WITH AGIRG TIME AT

TABLE I

VARIOUS TEMPERATURES

Table 3

Heat .
No, Aging Treatment Y.8, T.Se 41,
559* 1 hour after_casting| 6550 | 20875 21.2
" 3 days at 85%F 15375 | 30425 | 13.3
" 7 " " 17575 | 33350 13.8
" n " " 20325 | 35575 10.5
" 60 " " 21250 | 35800 10,7
" 90 * i 2925 | 35925 9.5
" 1382 ¢ " 23100 | 37850 1l.5
" 307 @ © 23200 37800 106.5
" 1 hour after gasting 6550 | 20875 21.2
w 2-1/2 *  at 165YF 10675 | 24675 16,38
" l9 @ " 17100 31500 13.7
" 68 " 20975 | 33550 10.7
" 6 days h 23675 35850 10,0
" i v " 2,600 36250 9.0
" 14 [{} 7 26600 37375 9. 2
w 2 " " 26600 37700 8.3
" k) S w 28000 | 37100 6.7
" 5 v " 28450 | 37900 75
" 4] " " 28800 38500 77
" 90 " ” 30000 38525 6.2
" 1 hour after gasti 6550 | 20875 2.2
u 3 " at 21281‘" ne 10825 | 23875 14.0
" 20 " " 17125 28725 9.5
" 69 " w 21525 31975 8.2
" 6 days " 25325 | 34800 8.7
" 10 b " 26825 34725 8.0
" 1, ¢ " 27550 | 35425 75
" 21 " " 26300 | 35300 7.8
" ) T " 29025 | 35350 5.0
" 6 " " 29050 | 34900 5.7
v 60 " " 28600 35800 6.5
" 70 " " 28650 | 34600 5.3

*The analysis of these bars was

¥¥These test bars were placed in boiling water.

as follows:
0.08%55.’ 6.88%Zn, 0012%‘1‘1, 0027%’ 0023%01'.

0.38%Cu, 0.17%Fe,

The resulting

extremely slight corrosion after long exposure probably has
contributed to the apparent adverse aging effect under these
conditions.



TABLE

THE TENSILE PROPERTIES OF AN Al-Zn-Mg-Cu~Cr-Ti ALLOY®
IN SEPARATELY CAST TEST BARS AND IN HEAVY SECTIONS POURED

FROM 13509F AND AGED 1 YEAR AT 859F
- Seotion

Heat Thickness __Y.S _ _ oo TeSe o o
No, | Aging Treatment | Casting | Inches Min. | Ave, | Min, | Ave, |

1 year at 85°r 6-bar 0.5 24600 | 24750 | 36000 { 37600

step 1.0 22000 | 22300 | 26750 | 30450

" 2.0 20600 | 21500 | 34200 | 37200

" 4.0 14550 |18600 | 22500 | 32900

365 1 year at 85°F 6-bar 0.5 25400 | 25600 | 38300 | 39450

step 1.0 23300 | 23550 | 34700 | 35800

u 2.0 16850 (17900 | 31700 | 32900

" 4.0 13400 [17500 | 16150 | 30400

413 60 days at 85°F 6-bar 0.5 19100 | 19600 | 35800 | 36100

step 1.0 18900 | 19500 | 32100 | 33400

" 2.0 18500 | 20100 | 33100 | 36600

" 4.0 18900 | 19900 | 32800 | 35700

*The analyses are as follows:

Heoat

Ho, | %Cu | %Fe | %51 |[%2a | #m | Bz | %or
366 0.3 0.17 | 0.08 7.08 0.16 0.30 0.26
365 0.3 | 0.17 0.08 7.02 0.18 | 0.33 0.26
413 0.27 0.23 0.10 7.00 0.18 | 0.26 0.25

YOVK

Pt

[
LI

) \:ouua ~3 0]
QOwVWV WVQuw \awviuawg

‘OE‘OH
e v

[ ]

¥ 91qel



NACA Tabie §

TABLE V
THE HIGE TEMPERATURE PROPERTIES OF CAST TEST BARS OF AN ALLOY

CONTAINING 1.06% Cu, 0.16% Fe, 0,08% Si, 6.89% Zn, 0,13% Ti,
0,26% Mg and 0.27% Cr

Time at
Temperature | _ Temperature Y.S. T.S. y A BENR*
Room 6 months 27800 38400 5.5 82
200°F 1/2 hour 32100 | 10.5 66
" 3 days 33450 8.5 71
« 10 days 35800 5.0 79
" g5 v 37900 4.5 86
" 60 37800 3ed 86
" 200 v 36400 3¢5 91
300°F 1/2 hour 25800 | 9.5 58
" 4 days 29100 | 6.5 78
" 9 days 27000 8.0 68
" 25 " 23700 840 62
" 50 = 22200 9.5 59
" 100 - 20700 8.0 49
400°F 1/2 hour 19700 | 10.5 56
" 2 days 14570 | 13.5 49
" 5 days 13650 | 16.5 48
" 0 12500 | 1845 45
v a5 " 12250 | 18.0 45
" 5 " 11800 | 1545 41
- 500°F 1/2 hour 11300 23.0 49
« 3 days 8700 3340 43
“ 5 days 8300 | 2040 43
" 10 " 8550 | 30.0 4l
" 25 " 8050 2840 43
" 50 * 7800 | 33,0 |- 40
600 °F 1/2 hour 6400 29.0 42
" : 1l day 6000 | 41.0 40
" S days 5500 | 32,0 41
" 0 v 5500 | 38.0 40
" 15 " 5400 | 39.0 39
" 25 v 5500 | 39.0 42

*Brinell Hardness tests were made at room temperature, after the
high temperature treatment indicated in the table.
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TABLE Vi

THE EFFECT OF EXPOSURE TO BRAZING TEMPERATURES AND REAGING AT ROOM TWERATmo

TESTS MADE ON CAST TEST BARS CONTAINING

0.38% Cu Fe S3, 6.87% Zn, 0,11% T4, 0.26

Ireatmept Y-S | _L.S. | _%E1. | BEN
31 days at 85°F 20300 | 35600 | 10.5 | 66
26 days at 85°F, 2 hours at 900°F, + 30 days at 85°F [ 19500 | 33600 { 9.0 | &4
v on onow moow w oggp0F, w W e 19500 | 33450 | 9./ | 63
nowonow e w)000%, v v v v w 19500 | 32700 | 8.0 67
" ow onmoq v w  w3050%, v v w w w 19600 | 34650 | 11.0 | 68
" oW owow w w v 3100%F, " " ow v W 19900 | 35800 | 12.9 67
"o owow woow w1209, v v v w 19300 | 35200 | 13.1 66
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Figure la.- The effect of magnesium content on the tensile
strength of alloys containing approximately

0.4% copper, 0.15% iron, 0,08% silicon, 0.25% chromium,

and various amounts of zinec. All alloys as cast and

aged 30 days at 85F,
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Figure 1lb.- The effect of magnesium content on the

percent elongation in 2 inches of gage
length of alloys containing approximately 0.4%
copper, 0.15% iron, 0.08% silicon, 0.26% chromium,
and various amounts of zinc. All alloys as cast
and aged 30 days at 850F,
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Figure 2a.- The effect of magnesium content on the

tensile strength of alloys containing
approximately 1.0% copper, 0.15% iron, 0.08% silicon,
0.25% chromium, and various amounts of zinec. All
alloys as cast and aged 30 days at 85CF.
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Figure 2b.- The effect of magnesium content on the
percent elongation in 2 inches of gage

length of alloys containing approximately 1.0%

copper, 0.15% iron, 0.08% silicon, 0.25% chromium,

and various amounts of zinc, All alloys as cast and

aged 30 days at 85°F,
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Figure 3a.- The effect of magnesium content on the Figure 3b.- The effect of magnesium content on the
tensile strength of alloys containing percent elongation in 2 inches of gage &
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Figure 6.- The effect of magnesium content on the tensile

properties and hardnese of cast test bars of

aluminum alloys containing approximately 0,38% copper,
0.15% iron, 6.6% zinc, 0.13% titanium, 0.22% chromium, and
0.08, 0.19, and 0.33% silicon. All alloys aged 30 days at

859F.
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NACA Figs.8 a,b

FIG, 8a Photomiorograph at X100 of an alloy contain-
ing 1.05% Cu, 0.15% Fe, 0.,13% Si, 7.02% Zn, 0.14% Ti,
0.29% Mg and 0,30% Cr. Keller's etch.
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FIG. 8 Photomicrogreph at X100 of an alloy contain-
ing 0.34% Cu, 0.17% Fe, 0.08% Si, 7.02% Zn, 0.18% Ti,
0.33% Mg end 0.26% Cr. Keller's etoch.




NACA Fige.8cd

FIG, 8¢ Photomicrograph at X500 showing the elongated
irregular gray constituent oAl-¥e-8i, The rounded
light gray constituent 1s Cudl, rosettes. Unetched,
Composition similar to that illustrated by Fig. 8b,

FIG, 84 Same as Fig. 8c. Etched with 10% NaOH
solution in water. The CuAly rosettes are light
and the alAl-Fe-Si constituent i1s black.




NACA : Figs.9,10

FIG, 9 The Six Bar Casting with Gate and Risers
Attached.

FIG. 10. The Step Casting with Gate and Risers
Attached,
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